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ABSTRACT 

The yearly and monthly time-of-fall pat terns  f o r a l l  meteorite falls 

and fo r  cer ta in  types of meteorites were e-xamined f o r  departures from 

randomness. 

and a sharp decrease after l9bO which is  believed t o  r e f l e c t  a decrease in 

the  r a t e  of in f lux  of meteorites. The yearly f a l l  pa t te rn  of the calcium- 

r i ch  achondrites pa ra l l e l s  the peaka i n  the falls per decade histogram very 

closely. 

randomness is  t h a t  fo r  the veined-olivine-hypersthene chondrites. 

The histogram of falls per decade contains a t  l e a s t  three peaks 

The only monthly fa l l  pattern which appears t o  depart g rea t ly  from 



c i 

* 

INTRODUCTION 

The time-of-fall patterns for meteorites should r e f l e c t  the types 

of o rb i t s  these bodies follow and these in turn should be indicative 

of t h e i r  origins and his tor ies .  Several authors concerned with meteo- 

r i t e s  have attempted t o  interpret  their time-of-fall patterns and other 

s t a t i s t i c s  connected with t he i r  recovery (Farrington, 1915; Fisher, 

1933; Leonard and Slanin, 194la, 194lb, 1 9 b c ;  Russell, 1947). The 

present study was  undertaken because of the addition of h p o r t a n t  data 

in t h e  l a s t  f i f t een  years and because of the progress made i n  a more 

general survey of meteorite s t a t i s t i c s  conducted by the authors using 

punch-card sor t ing techniques, 

shall be concerned in t h i s  paper are those showing the number of falls 

as  a function of year (or decade), as a function of month (or 10- 

interval),and t o  a lesser extent, as a function of the hour of day, 

The time-of-fall pat terns  with which we 

The goal of almost a l l  studies of meteorite f a l l  s t a t i s t i c s  is a 

be t t e r  characterization of the pre-atmospheric f lux  encountered by the  

earth. In order t o  achieve this, the physical and sociological factors  

which operate t o  change and d i s to r t  the pre-atmospheric type, mass, and 

direct ional  composition of the flux must be eliminated from the data 

f o r  the flux arr iving at  the surface of the earth. 

a f f ec t  the probabili ty of recovering fa l len  meteorites, may be divided 

i n t o  two catagories: 

(1) the i n t r i n s i c  factors  due t o  the chemical, physical, and o r b i t a l  

charac te r i s t ics  of each meteorite which determine: 

These factors,  which 

(a) its resistance t o  ablative losses during passage through the 

atmosphere; 

(b)  i t s  behavior upon striking the surface of the ear th;  
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(c)  i t s  resistance t o  weathering; and 

(d) the degree t o  which i t s  appearance is dissimilar t o  that of 

t e r r e s t r i a l  rocks; 

( 2 )  the ex t r ins ic  factors, which are  present in the region of fall: 

(a)  the time of day; 

(b)  the season of year; 

(c)  the soil, climatic, and topographical features; 

(d) the population density; 

(e) the  cu l tura l  l eve l  of the population; and 

( f )  the position of the antapex of the ear th 's  motion wi,h respec L 

t o  t h e  horizon (since more meteorites are recovered f a l l i n g  from 

tha t  direction than  from the direction of the apex of the ear th 's  

motion - Fisher, 1933). 

If we assume, as a first approximation, tha t  t he  type, mass, and 

direct ional  composition of the  pre-atmospheric meteoritic f lux  has 

remained constant w i t h  year, month, and hour for  the last  150 years, then 

the observed time-of-fall patterns should show the following affects:  

(1) changes i n  factors  2d and 2e should produce a continuously increasing 

curve f o r  the number of falls each year; 

(2 )  factor  2b i n  either hemisphere should produce a maximum during the 

summer months and a lainimum during the winter months in the curve showing 

the  number of falls as a function of month; and 

(3 )  fac tor  2a should produce a maximum during the daytime hours and a 

minimum during the nighttime hours i n  the curve showing the number of 

fa l ls  as a function of the hour of day. 

with a constant composition, these e f fec ts  should operate t o  an equal 

extent upon the time-of-fall patterns f o r  each type of meteorite. 

- 

Since wc? have postulated a flux 
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Before considering the  s t a t i s t i c a l  data, ue w i l l  consider the 

possible sources of meteorites and otherpertinent f a c t s  in order t o  

es tabl ish c r i t e r i a  for  examining these data. 

POSSIBLE SOURCES OF METEORITES 

A model i n  which the won acts as a source of t e k t i t e s  has been 

considered by Varsavsky (1958) and O'Keefe (1959) Kith primary meteorite 

impacts e ject ing secondary fragmddts from its surface. These fragments 

should follow t ra jec tor ies  direct  t o  earth (ejection ve loc i t ies  greater 

than 2.3 km./sec.) and also enter earth orb i t s  (ejection veloci t ies  i n  

the range 2.3 to  2.7 km./sec.) and solar  o rb i t s  (e ject ion ve loc i t ies  

greater than 2.7 km,/sec.). 

as a source of meteorites with coll isions between asteroids presumably 

yielding fragments in  o rb i t s  some of which have per ihel ia  inside the 

ea r th ' s  orbit .  Other sources of meteorites which have been proposed 

include: 

meteors yielding streams containing both s izes  of bodies; 

breakup of a single large planet in the remote past; 

remnants of planetary accretion; and 

hyperbolic meteorite o rb i t s  would be observed. 

The asteroid be l t  is most often considered 

(1) comets from which meteorites would be ejected along with 

(2) the 

(3)  primordial 

(4) i n t e r s t e l l a r  space, from which 

The t h e - o f - f a l l  patterns for bodies traversing t ra jec tor ies  d i rec t  

t o  the e a r t h  from the moon would be determined by the time=of-fall 

pat terns  of the primary bodies striking the surface of the moon. 

ments t ravel l ing i n  orb i t s  about the ear th  are members of a three-body 

system and we would expect the i r  time-of-fall patterns on the ear th  t o  be 

influenced t o  some degree by the posit ion of the moon. 

pat terns  for  bodies t ravel l ing in solar orb i t s  should be random .in year 

Wag- 

The tirtle-of-fall 



and month if these bodies are not  members of strew. However, t h e i r  

hourly fall patterns should r e f l ec t  the dis t r ibut ion of their  

eccent r ic i t ies  and semi-major axeso 

streams and are bunched along the o rb i t  of the stream, the i r  yearly, 

monthly and hourly patterns should be non-random. 

members of streams but are not bunched should display non-random monthly 

and hourly f a l l  patterns and random yearly f a l l  patterns unless the node 

of the o rb i t  of a stream is being swept across the o rb i t  of t h e  earth, 

If these bodies are members of 

Bodies which are 

i n  which case several centuries of f a l l  should take place preceded 

followed by no falls  from t h i s  stream. 

i n t e r s t e l l a r  meteorites traversing hyperbolic t ra jec tor ies  should be random 

unless an uneven dis t r ibut ion of meteorites ex is t s  i n  i n t e r s t e l l a r  space, 

i n  uhich case a non-random yearly dis t r ibut ion might result .  

and 

The time-of-fall patterns fo r  

Other f a c t s  pertaining t o  the origins of the meteorites which should 

be considered are: 

(1) The cosmic-ray exposure ages, which date the time since the 

reduction of meteorites t o  meter-sized fragments, do not confirm any 

single theory of meteoritic origin (Anders, 1962). The ages tend t o  

c lus t e r  i n  three groups with the chondrites centered a t  22 million years, 

one graup of i rons a t  200 t o  300 million years, and a second group of 

i rons (primarily medium octahedrites) a t  500 t o  600 million years. 

Table I are shorn the  exposure ages for meteorite f a l l s  which are included 

i n  the  data t o  be presented. 

In 

( 2 )  The l i fe t imes fo r  bodies crossing the o rb i t s  of the inner planets, 

as shown in Table 11, are of the  order of lo8 years (Opik, 195Oa, 1951, 1958, 

1961). 

since the formation of the solar system and must have been injected into 

Therefore the meteorites cannot have been i n  the i r  present orb i t s  
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these orb i t s  from somewhere else. 

(3) Accurately measured meteorite f a l l  trajectories,  which can be 

used t o  calculate the solar system orbi t ,  are very d i f f i cu l t  to  obtain. 

Some of the orb i t s  which have been calculated are shown in  Table I11 

but the quali ty of these data varies widely. The greatest reliance should 

be placed on the Pribran orb i t  which i s  the only one based on photographic 

evidence. 

are  similar to  the Pribram orbit. 

Pultusk orb i t  is  disputed by Opik (1950b) and LaPaz (1958) i n  a continuing 

debate over the presence of hyperbolic meteors and meteorites (Whipple 

and Hughes, 1955). 

It is perhaps significant that  most of the other orb i t s  l i s t e d  

It should be noted tha t  Wylie's 

(4) ?kteorite time-of-fall patterns do not display &y noticeable 

relationship t o  those for  meteor streams (Farrington, 1915) . 
(5) The frequency VS. mass distribution f o r  meteorites is similar 

t o  t h a t  f o r  the asteroids (Hawkins, 1959a, 1959b; Brown, 1960). 

should be stated, however, tha t  the mass data for  the meteorites are  

taken from the Catalogue of Meteorites (Prior and Hey, 1953) and represent 

t h e  amount actually recovered. 

mass distribution is  the same as the pre-atmospheric distribution. 

It 

It is reasonable t o  question whether this 

Although hyperbolic and cometary components may exist, it still. 

seems most logical  t o  look t o  the asteroid belt fo r  the immediate origins 

of most meteorites. Mean values f o r  the  re la t ive col l is ion veloci t ies  

between asteroids were calculated by Piotrowski (1952), who found 5 kBJsec., 

and by Opik (19ss), who found 6 km./sec. Piotrowski further found that. 

catastrophic coll isions between typical  asteroids take place with l i f e -  

times of the order of lo9 years. 



FALLS PER DECADE 

Figure 1 shows the number of f a l l s  f o r  each decade from 1680 t o  

1960. The cross-hatched areas for the twentieth century w i l l  oe 

explained below. The dis t r ibut ion is obviously not uniform. There is 

an almost l i nea r  rise from 1780 t o  19h0, peaks a re  located a t  1750-80, 

1810.30, 1860-80, and 1930-h0, and a sharp decrease occurs a f t e r  19bO. 

The l i nea r  r i s e  i s  usually attr ibuted t o  t h e  increasing chances of 

recovering meteorites due t o  t h e  increases i n  the population density 

arid sc i en t i f i c  cu l tura l  l eve l  (Heide, 1957). 

a t t r ibu ted  t o  statistical fluctuations and the decrease a f t e r  1940 is 

thought t o  r e s u l t  from the incomplete s t a t i s t i c s  on the recovery of 

meteorite falls since 191rO. 

normalized t o  the world population. 

recovery rate and the peaks are  more apparent. 

noted the 

t ion  reflected a comparatively uniform supply of meteorites with no 

evidence of cycles o r  periodicity. 

usual explanations and searched for non-uniformity i n  the distribution. 

Russell (19&7) assumed a l i nea r  rise i n  the recovery efficiency and, by 

examining the residuals f o r  each year, he found the fluctuations for the 

years 1868 and 1933 were s t a t i s t i c a l l y  unlikely t o  be random. 

(19&9, 1956) made comparisons between the increasing meteorite recovery 

r a t e  and the much f a s t e r  increasing r a t e  of discovery of asteroids and of 

b a l l  l ightening and concluded t h a t  meteorite falls have become increasingly 

r a r e  since 1800. 

during the twentieth century, we will study t h e  e f fec t  of w a r  and t h e  e f fec t  

The peaks are ordinarily 

Figure 2 shows the falls per decade data 

There is still  an increasing 

While Farrington (1915) 

increase during the decade 1860-70, he thought the dis t r ibu-  

Several authors have gone beyond these 

Paneth 

In  order t o  examine the r e a l i t y  of the fluctuations 



of the delay i n  reporting meteorite falls. 

Table I V  shows the data which per ta in  t o  the e f f ec t  of war. The 

decade 19&0-19h9 

XI. 

We may note tha t  in Europe, the periods with the lowest recokery 

fract ions coinciekd with the two World Wars (191L-18, 1939-1945) , and 
i n  Asia, the lowest f ract ion coincided with World War 11. 

Pakistan, there appears t o  have been a sizeable reduction i n  the recovery 

rate during the f ive  years which encompass par t i t ion  (19b647), although 

the recovery fract ion for 19L049 appears t o  be normal. 

Central and South America were probably least affected by World W a r  11. 

Their recovery fract ions fo r  19h049 show opposite trends, but t h i s  is 

probably due t o  poor statistics. 

meteorite recovery eff ic iency does take place d i r ing  major conf l ic t s  and 

disorders and tha t  t h i s  decrease may be as hign a s  t h i r t y  percent fo r  

par t icu lar  regions during certain decades. 

falls per decade assigned t o  a region affected by a major conf l ic t  was 

calculated by assuming tha t  the recovery fract ion should be equal t o  the 

average fo r  190049 f o r  t ha t  region. 

of Table V I .  

is  divided i n  h a l f  to  show the effect of World War 

India and Pakistan are considered separately from the rest  of Asia. 

In India and 

Africa and 

It seems clear  t ha t  a decrease i n  the 

The increase i n  the number of 

The results are  shown i n  column 3 

Table V was used t o  study the e f fec t  of the delay in reporting 

meteorite falls. This table  shows the f ract ion of the  falls eventually 

reported which had been reported within cer ta in  elapsed periods of time, 

These were calculated for  each meteorite by noting the date of t h e  

earliest  reference i n  the Catalogue of Meteorites and subtracting the 

actual date of fd.1 or find. 

F i r s t ,  the e a r l i e s t  reference date i n  t h i s  catalogue may not i n  f a c t  be 

Two opposing factors  a f f ec t  the s t a t i s t i c s .  
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the e a r l i e s t  reference which brought the meteorite t o  the at tent ion of 

the sc i en t i f i c  community. 

i n  a ra ther  obscure journal and the major portion of the sc i en t i f i c  com- 

munity may not have noted t h e  meteorite u n t i l  l a t e r .  

the f i r s t  w i l l  be assumed to be the more important, par t icular ly  a t  the 

present time when communications concerning new meteorites are  very rapid 

due t o  The Meteoritical B u l l e t i n .  Therefore, the gradients of the growth 

curves from these data w i l l  be assumed t o  be lower limits and the actual 

reporting of meteorite f a l l s  assumed to  take place wi th  shorter delays. 

It i s  interest ing to  note from these data tha t  the gradient has not changed 

very much since 1800-1850 and the apparent increase fo r  1900-1950 is 

probably due to  the fac t  that  the t o t a l s  used t o  calculate the fract ions 

for  t h i s  period are not yet complete. 

is i n i t i a l l y  much steeper than that  fo r  f inds but essent ia l ly  the same 

f ract ions of both have been reported by about 20 years,, 

Secondly, the ea r l i e s t  reference may have been 

Of these two factors,  

In  addition, the gradient for  falls 

The data  given by Farrington (1915) and Leonard and Slanin ( 1 9 4 1 ~ )  on 

the numbers of falls  recovered per decade up t o  1910 and 1940 respectively 

provide an independent check on the value fo r  the gradient. 

shows the data  f o r  the numbers of f a l l s  and Table VI11 shows the f ract ions 

calculated from these data. The gradients i n  t h i s  table tend to  confirm 

the ra ther  steep gradient in Table V. 

Table V I 1  

The increases over presently tabulated meteorite f a l l s  t o  be expected 

f o r  the twentieth century decades uere calculated using the averages fo r  

falls during 1800-1950 i n  Table V. The r e su l t s  are shown i n  column 4 of 

Table V I .  Finally, column 5 of this table indicates the total. number of 

falls to be expect,e? i f  no w a r s  had taken place and i f  a l l  f a l l s  had been 

reported by now, The increases over the presently tabulated t o t a l s  are 
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shown as cross-hatched areas in Figure 1. 

are  applied, the very sharp decrease a f t e r  1940 is s t i l l  present, and 

Even when these corrections 

since the recovery efficiency, i f  anything should have increased since 

t h i s  date, the decrease probably r e f l ec t s  a decrease i n  the intensi ty  of 

the meteorite f lux encountered by the  earth. 

MONTH VS. YEAR OF FALL 

We now wish t o  examine the meteoritic month VS. year f a l l  patterns 

f o r  various types of meteorites looking f o r  departures from randomness 

i n  the yearly and monthly distributions,  contributions t o  the peaks found 

i n  the f a l l s  per decade histogram, and any departures from randomess i n  

various areas of the graphs. 

type of meteorite was made i n  order t o  uncover any variations i n  the time-of- 

f a l l  patterns which might be indicative of d i f fe ren t  origins or a t  l e a s t  

d i f fe ren t  immediate parent bodies. Whether or  not we observe any di f fe r -  

ences in the month VS. year time-of-fall patterns w i l l ,  of course depend 

on whether the inmediate parent bodies were located i n  the same region 

(e.g., the asteroid b e l t ) ,  the number of immediate parent bodies contri- 

buting to  any par t icular  type of meteorite, and the rate of dispersal  of 

any unique dis t r ibut ion of meteorites produced as  a r e su l t  of the fracture  of 

the immediate parent body. The division of the data was made using Mason's 

c lass i f ica t ion  of meteorites (1962) whenever it conflicted with tha t  i n  the 

Catalogue of Meteorites. 

The division of the data on the basis of the 

The degree of randomness i n  these dis t r ibut ions was evaluated by 

applying the chi-squared t e s t .  

categories i s  small, synthttti:: ranlorn dis t r ibut ions were generated from a 

randomdigit  table (The Rand Corporation, 1955) f o r  purposes of comparison 

Since the numbers of meteorites h many 
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and t o  gain some insight  i n to  t h e  chances fo r  the occurence of %on- 

random appearing" assemblages. These synthetic dis t r ibut ions contained 

varying numbers of points i n  order t o  facil i tate comparison with dis-  

t r ibut ions containing s i m i l a r  numbers of meteorites . 
the chi-squared tes t  applied t o  the t en  synthetic month VS. year d i s t r i -  

butions shown i n  Figures 3, 4, and 5 plus sixteen other synthetic monthly 

dis t r ibut ions (not here shown) are given i n  Table M. 

t h a t  a par t icular  d i s t r ibu t ion  is random (Le., the probabili ty tha t  a 

random sample will give a no bet ter  f i t  t o  a uniform dis t r ibu t ion)  and 

t h i s  probabili ty should be less than 0.02 before a departure from 

randomness i s  assumed (Garrett, 19.37). We should note tha t  t h e  breakdown 

o f  data according t o  month and decade i n  order to  apply the chi-squared 

tes t  may conceal non-randomness present on a f iner  scale. In addition, we 

should expect special  types of non-randomness t o  be present i n  the monthly 

dis t r ibut ions due t o  the  variation of recovery efficiency with decade and 

i n  the  decade dis t r ibut ions due t o  the growth of population. 

and 4 indicate tha t  random dis t r ibut ions containing only 20 or  40 points 

do display tlnon-random appearing" groupings of points in the graphs and 

histograms and therefore, caution must be used when evaluating the random- 

ness of dis t r ibut ions containing small numbers of points. 

The results of 

P is the probabili ty 

Figures 3 

The ac tua l  meteorite dis t r ibut ions a re  shown i n  Figures 6 through 9 

and the  chi-squared tes t  resu l t s  i n  Table X. 

t i ons  concerning these distributions as follows: 

We may suxmnarize the observa- 

Enstat i te  chondrites: The monthly dis t r ibut ion appears t o  be raadom. 

There were no f a l l s  of t h i s  type recorded pr ior  t o  the 1860% but t h i s  may 

be due t o  the fact t h a t  there are only 9 of these meteorites. 

b5 a contribution t o  the  1860-80 peak i n  the f a l l s  per decade histogran 

There may 
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bat none t o  the 193040 peak. 

Olivine-pigeonite chondrites: The monthly dis t r ibut ion appears t o  

be random. There were no f a l l s  of t h i s  type recorded pr ior  t o  1857 or 

a f t e r  1930 but t h i s  may be due to  t h e i r  small number. 

11 groups appear. 

the f a l l s  per decade histogram. A July, 1860-80 group is prominent. 

1855-85 and 1900- 

The former group contributes t o  the 1860-80 peak i n  

Carbonaceous chondrites: Both the monthly and yearly dis t r ibut ions 

appear t o  be random. 

any of the peaks i n  t h e  falls per decade histogram with the possible 

exception of 193O-hO. 

There does not appear t o  be any contribution t o  

Olivine-bronzite chondrites: The monthly dis t r ibut ion appears t o  

be random. 

1930. 

In  the  yearly distribution, groups appear around 1870 and 

I n  addition, there appear t o  be departures from randomness during 

J~I IU~PY,  1867-9 and May, 1855-93. 

Olivine-hypersthene chondrites: The chi-squared test indicates  t ha t  

the  monthly dis t r ibut ion for  t h i s  large body of chondrites borders on non- 

randomness. 

r a t e s  of f a l l  during the decade 1920-30 (21  falls as opposed t o  an average 

of only 11 per decade). 

during February. 

1910-30, December, 18h6-90, and December 1918-lrO. 

Veined-olivine-hypersthene chondrites: 

The yearly dist r ibut ion appears t o  be non-rand- with high 

There is a suggestion of a 16-year periodicity 

Groups ex i s t  du rhg  May-June, 1827-77, June 21-30, July 

There is very small probability 

tha t  the monthly f a l l  pattern i s  random, 

yearly pat tern appears t o  be random with no contribution t o  the 1920-30 

olivine-hypersthene group. 

1827-77 group. 

No f a l l s  occurred i n  March. The 

However, there i s  contribution t o  t h e  MayoJune, 

Low-iron and high-iron chondrites: These classes of chondrites are 

dominated by the olivine-hypersthene and olivine-bronaite chondrites 
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respectively and thus r e f l ec t  the character is t ics  of these distributions.  

Calcium-poor achondrites: The number of falls i n  the monthly dis t r ibu-  

A gap ex i s t s  

I 

t ion is too low t o  draw any conclusions concerning randomness. 

in the decade dis t r ibut ion during 1889-1919 but comparison with the synthetic 

random point dis t r ibut ions containing 20 points  (Fig. 3 )  indicates t ha t  this 

is  not unusual. 

I 

I 

Calcium-rich achondrites: The monthly f a l l  pat tern appears to  be random 

but groupings i n  the yearly distribution coincide with t h e  peaks i n  the f a l l s  

per decade histogram. 

t h i s  histogram may be due t o  another peak as evidenced by the 1900-10 grouping 

for  t h i s  c lass  of achondrites. It is not shown by the graph, but a concentra- 

t ion  of nighttime falls ex is t s  around February-April, 193040. 

There i s  a suggestion that the 190040 shoulder on 

Irons: Although the mont.hly dis t r ibut ion appears t o  be random, there is 

a low probabili ty tha t  the yearly f a l l  pattern is random. The r a t e  of recovery 

of i ron falls increased a f t e r  1898 (1846-1897 = 6 f a l l s  when the t o t a l  w a s  218, 

1898-1947 = 26 falls when the t o t a l  was 299). 

I 

A concentration of falls ex i s t s  

during July-AuguSt 9 1933-35 

SUMMARY AND CONCLUSIONS 

The falls  per decade histogram demonstrates t ha t  the meteorite f l u  has 

not remained constant during the last 200 years, but has gone through a t  l e a s t  

three and possibly four maxima. 

of falls since 1940 cannot be explained en t i re ly  on the basis of incomplete 

reporting of recent f a l l s  nor by the advent of World War I1 and must therefore 

r e f l e c t  a decrease i n  the r a t e  of inf lux of meteorites. 

monthly f a l l  pa t t?ms,  only tha t  f o r  the ~e ined~o l iv ine~hyper s thene  chondrites 

appears t o  be def in i te ly  non-random; however, there is no apparent correlation 

between the monthly groupings and the year of f a l l .  

pat terns  f o r  the vsrious types m a y  be found de f in i t s  contributions and lack 

of contribution 

The precipitous decline in the r a t e  of recovery 

-4mng t h e  various 

Among the yearly f a l l  

t o  the peaks found i n  the histogram of f a l l s  per decade. 
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Most notab19 among the contributions are the calcium-yich achondrites 

whose yearly f a l l  pattern paral le ls  the f a l l s  per decade pat tern qui te  

closely. Due t o  observational factors, we should expect higher recovery 

r a t e s  during the summer months t o  distort, the monthly dis t r ibut ions and 

the increasing recovery efficency due t o  population growth t o  d i s t o r t  the 

yearly dis t r ibut ions but these trends a re  not observed with any regularity 

f o r  individual meteorite groups, 

This study of meteoritic time-of-fall patterns resulted i n  no def ini te  

conclusions as t o  the types of orb i t s  followed by meteorites and therefore 

t h e i r  origins are no less obscure. 

did emerge from the study of these patterns must be explained by any 

However, the following features  which 

theory of meteoritic origin: 

(1) long term (about, 2 centuries) and short  term (about 60-year) variations 

i n  the flux; 

(2) di f fe r ing  time-of-fall patterns fo r  d i f fe ren t  types of meteorites; 

and 

(3 )  the presence of non-random monthly dis t r i3ut ions suggesting the 

presence of meteorite streams, 

The method of dividing the data on the basis  of the type of meteorite is 

a first approximation and perhaps a division on the basis of some other 

system of c lass i f ica t ion  (e.g., a purely chemical one) might prove more 

f ru i t fu l .  
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TABLE 1. Cosmic-Ray Exposure Age for 

Meteorite Falls (Anders, 1962) 

Meteorite Date of Fall Type 

Stones: 

Abee 6/10/195 2 

Meael 1/2 S/1949 

Murray 9/2011950 

Norton County 2/18/1948 

Irons : 

Braunau 7/4/1847 

Sikhote-Alin 2/12/19&7 

enstatite chondrite 13 

veined-hypersthene chond. 4.7 

carbonaceous chondrite 

enstatite achondrite 

hexahedr i te 

coarsest octahedrite 

15 

230 500 

Preferred Value 

8 

220 



TABLE 11. Lifetimes for Bodies Crossing the 

Orbit of the Earth (adapted from 

Fractional 
Capture 

Object a e - i f -Lif e Probability - (a,u.) ara) for the Earth 

Hemes 1 .3 0047 4 . 7 O  

Apollo 1.5 0.57 6.4' 

Adonis 2 .o 0.78 1.5O 

Taurids and 2.2 0.a 13' 

Encke's Comet 

Geminids 1.4 0.90 23' 

objects with the same seaaiajor  axis as the earth: 

0.02 lo 

0.05 3O 

0.20 12O 

0.25 53O 

0.10 6' 

29 

50 

50 

190 

170 

0.3 

1.9 

11 

62 

220 

0.31 

0.30 

0.51 

0.26 

0.28 

1000 

1.00 

1.00 

1.00 

1.00 





TABLE IV. Rates of Recovery of Meteorite 

Function of Decade f o r  Various 

F a l l s  as a 

Regions of 

the World. Deviations are standard deviations 

assigned by assuming random arrival. 

Period U.S. and Oceania India and Central 
of F a l l  Europe Canada and Asia Pakistan Africa & S o  Amer. Total 

Number of falls by region: 

1900-09 16 - * 4.0 10 - + 3.2 10 2 3.2 8 - + 2.8 

1910-19 11 - + 3.3 11 - + 3.3 11 - + 3.3 16 - + 4.0 

1920-29 17 - + 4.1 11 - + 3 e 3  14 2 3.7 9 3.0 

1930-39 18 - * lr.2 18 - + 4.2 22 - + h.7 7 2 2.6 

19hO-hl-1 3 + 1.7 3 + 1.7 3 + 1.7 6 - + 2.L 

1940-49 8 + 2.8 6 + 2.h 9 + 3.0 6 + 2.4 

1914 5 -49 5 ‘5 2.2 3 i 1 . 7  6 2.h 0 

Fraction of t o t a l  for  each decade by region: 

1900-09 0031 0.19 0.19 0015 

1910-19 0.20 0.20 0.20 0.29 

1920-29 0.37 0.17 0.22 0014 

1940-4& 003.5 0.15 0.15 0.30 
1945-49 0025 0.15 0.30 --- 
19b0-49 0020 0.15 0.22 001s 

1900-k9 0.2b O.?O 0.33 0.16 

5 2 2.2 3 + 1.7 52 

6 + 2.h 1 2  1.0 56 

6 + 2.L 7 2 2.6 bL 

7 2 2.6 5 2 2.3 77 

5 + 2.2 0 20 
20 6 z 2.L 0 

11 + 3.3 0 40 

35 16 287 

- 
- 
- 

- 
- 

0.10 0 0 0 6  

0.11 0.02 

0.09 0 0 1 1  

0.12 0.06 



TABLE V. Fraction of Meteorite F a l l s  and Finds f o r  which 

Information was Published Within Certain Periods 

of Time. 

earliest reference i n  t he  Catalonte of Meteorites 

(Pr ior  and Hey, 1953) for  each meteorite. 

The calculations were based upon the 

Period of Number of Fraction nReportedt' Within: 
Fa l l  o f  Find Meteorites 5 years 10 years 20 years 30 years 50 years  

Falls: 1800 - 1850 115 0.67 0.73 0.77 0.82 0.92 

1850 - 1900 230 0.73 0.84 0.91 0.95 0.99 

1900 - 1950 291 0.71 0.86 0.95 0.98 1.00 

1800 - 1950 0.71 0.94 0.98 

Finds : 1800 - 1850 

1850 - 1900 

1900 - 1950 

0.50 

Ooh8 

0.62 

0.70 

0.61 

0.79 

1.00 

0.87 

0098 

1.00 

0098 

1.00 

20 

206 

362 

1800 - 1950 0.73 0.87 

0.6& 

0.61 

0066 

0.84 

0.91 

0.98 

Falls + Finds:1800 - 1850 

1850 - 1900 

1900 - 1950 

135 

L36 

653 

0.73 

0.73 

0.82 

0.79 

0.84 

0.93 

- 
1221r 0.88 1800 - 1950 0.64 0.78 



TABLE VI. Modification of the Number of Falls per Decade for 

the Twentieth Century Due to  Major Conflicts and 

the Delay i n  Reporting F a l l s  

Present Number Increase Increase due to  Calculated 
Decade of Falls Due t o  Wars Delay in  Number of Falls 

Reporting 

1900 - 09 54 
1910 - 19 56 

1920 - 29 64 

1930 - 39 84 
1940 - 49 &O 

1950 - 59 29 

k 

1 55 
3 1 60 

3 67 

7 91 

6 50 

12 41 



TABLE V I I .  Meteorite Fal ls  from 1860 to 1940 

Contained in the Stat i s t ics  of 

Two Authors 

Farrington (1915) Leonard (1941~) Present Total 
Decade 1910 19&0 1960 

1860 - 69 

70 - 79 
80 - 89 
90 - 99 

1900 - 09 

10 - 19 
20 - 29 

30 - 39 

51 

h6 

37 

39 

19 

53 

49 

bo 

46 

52 

55 

68 

72 

55 
49 

4 l  

lr7 

5& 
56 

64 

84 



TABLE VIII. Fraction of Final Total of Falls Contained i n  

Stat i s t ics  After Certain Periods of Elapsed Time.  

These fractions were calculated from the data in  

Table VI1 assuming a l l  f a l l s  for the period 1860- 

1900 have been reported by the present t i m e  and 

that the final total of falls for 1900-09, 1910- 

19, 1920-29, and 1930-39 wi l l  be respectively 

55, 60, 68, and 91. 

Elapsed Time 
(years) 

Fraction i n  Stat i s t ics  
Farr i n g t  on Leonard 

5 
15 

25 

35 

45 

55 

45 

75 



TABLE IX. Summary of Results o f  the Chi-Squared 

Test for Randomness in the Synthetic 

Random Distributions 

Decade Distributions Monthly Distributions 
(deg. of freedom = 15) (deg. of freedom - 11) 
Chi- Chi- 

No. of Cases Squared P Ave. P Squared P Ave. P 

12 
12 
12 
12 

20 
20 
20 

24 
24 
24 
2ll 

40 
LO 
40 

L8 
LS 
L8 
48 

120 
120 

12 .o 0.36 
4.0 0.97 
10.0 0.53 
4.0 0.97 Om71 

4.0 0.97 
16.0 0.14 

9 00 0.62 
3 e O  O e 9 9  0.68 



TABLE X. Summary of Results of 

for Randomness in the 

the ChiSquared Test 

Meteorite Distributions 

lea: 

Decade Distributions Monthly Distributiona 

Meteorites Squared P Meteorites Squared P 
Nom of C h i -  NO, of Chi- 

Carbonaceous chondrites 

Olivine-bronaite chondrites 

01 ivine -hyper s t hene chondrites 

Veined-olivine-hypersthene chondrites 

Low-iron chondrites 

High-iron chondrites 

Ca-r i c  h achondrites 

Irons 

10 12 00 

50 11.2 

111 13.6 

35 7.6 

109 5.6 

64 13.5 

27 11.3 

29 20.3 

0.68 

0.74 

0. 55 
0.94 

0.78 

OmI.4 

0.73 

0.16 

17 

53 

123 

41 

134 

77 

33 

27 

13 S 
13.4 

18 -4 
26.7 

16.2 

13.3 

13.7 

10.2 

0.26 

0.27 

0.07 

0.005 

0.13 

0.28 

0.25 

0.51 
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Month of f a l l  VS. year of fall  graphs fo r  low-iron chondrites and 
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